Tandem modular protein-based hydrogels constructed using a novel two-component approach.
Leucine zipper sequences have been widely used to engineer protein-based hydrogels for biomedical applications. Previously, we have used this method to engineer tandem modular protein-based hydrogels as a step toward developing extracellular matrix-mimetic hydrogels. However, the spontaneous self-association of leucine zipper sequences in solution has made it challenging to express and purify tandem modular proteins carrying leucine zipper under native conditions. To obviate this problem, here we report a novel two-component approach to engineer tandem modular protein-based hydrogels. This methodology makes use of two complementary leucine zipper sequences (CCE and CCK), which do not self-associate but self-assemble into heterodimeric coiled-coils at neutral pH, as functional groups to drive the self-assembly of protein hydrogels. The two protein components are bifunctional and trifunctional tandem modular proteins carrying the leucine zipper functional groups. We found that the two proteins carrying CCE or CCK can be expressed and purified under native conditions with high yield. Upon mixing, the aqueous solution of the two proteins readily forms a transparent hydrogel. The resultant hydrogel can undergo reversible sol-gel transitions as a function of temperature, and shows much improved erosion properties. This method provides a new approach to tune the topology and physical properties of the protein hydrogels via genetic engineering, and opens the possibility to systematically explore the use of large native extracellular proteins to engineer extracellular matrix-mimetic hydrogels.